Physical activity (PA) in children/adolescents of both genders from a rural community in Mozambique was estimated by accelerometry and by questionnaire and was compared with PA of Portuguese youth. Total PA, moderate (MPA), vigorous (VPA) and very vigorous (VVPA) were evaluated. Mozambican boys were more active than girls. Intensity of PA declined significantly with age. Survival activities, such as household tasks, were the predominant mode of PA. Compared with Portuguese children/adolescents, Mozambicans had significantly higher total PA; showed less decline of PA with age and engaged in fewer minutes at higher intensity PA. Environmental factors likely explain documented differences.
In industrialized countries, reduced levels of physical activity (PA) associated with increased prevalence of the so-called "hypokinetic diseases" stimulates the interest in research in PA and its correlates (12) . Consequently, methods to measure PA have been developed to find a best device that can simultaneously record duration and intensity of PA, a difficult task, particularly in large scale studies (5, 32) . Balancing costs and benefits, accelerometry is being adopted as the most commonly used instrument for measuring PA in those types of studies (5, 20) .
Although hypokinetic diseases express their effects in adults, there is growing evidence that their etiology may start from childhood habits such as bad nutrition and sedentarism (9, 13) . This stimulates research on patterns of PA and associations with diseases from early life onwards. In general, as measured in developed countries, it is clearly demonstrated that boys are more active than girls, that PA levels are reduced as age increases, and that secular trends indicate a decrease in time spent in moderate and vigorous PA (2, 6, 22) . These observations and associated health consequences are also a cause of concern in less industrialized countries around the world (10, 17) .
Although quite consistent across studies, observations have been conducted mainly in the developed countries, assuming that the lack of mechanization of the poor areas of the world is not associated with sedentary behavior. However, societies in transition have been showing a growing urbanization that deserves special attention.
These observations have drawn attention to PA levels in Africa. Although scarce, the number of studies on PA levels in school-aged samples from Africa seems to be growing. In general, those studies have focused on the association between PA levels and nutritional status (21, 23) . Surprisingly, those studies have failed to show any association between malnutrition defined by anthropometry, and PA levels in school-aged samples from Africa. This finding is being attributed to two factors, namely, the lack of sensitivity of the anthropometric criteria to classify nutritional status and/or the survival needs that impose PA demands on African children and adolescents. African children traditionally contribute substantially to the survival needs of the family by engaging in household chores. This gap between African and Western lifestyles in type of usual PA engaged in by children may also explain the gender differences in PA previously found in African countries, where girls are more active (24) , that are opposite to the gender differences in industrialized countries, where boys are more active (2, 6, 22) . Because the majority of African studies have been conducted in urban and suburban areas, and because there is currently thought to be an extreme gap in lifestyle and environmental conditions between rural and urban areas of Africa, there is a need to document the amount, intensity, and predominant modes of PA in rural Africa during this time of transition to urbanization. The present study has been carried out to (1) describe and interpret PA levels in a school-aged sample in rural Mozambique (2); evaluate the PA levels in both sexes of different age levels and (3) compare PA levels with children and adolescents from a more developed country.
Methods
The present study is part of a research project that was designed in Mozambique entitled "Human Biological Variability: Implications for Physical Education, Sports, Preventive Medicine and Public Health". This ongoing research project has the aim to describe and interpret patterns of human variability in growth, maturation, physical fitness, physical activity, motor performance and health indicators in children and youth, and to contribute to the understanding of the influence of the genetic and environmental factors on the interindividual and intrapopulation differentiation on those traits. The study was approved by the National Committee for Bioethics. The proposals of the study were communicated in advance to local authorities (both governmental officials and traditional cultural leaders), parents, and teachers at the schools. Trained observers and local teachers read, in their local language, and explained the informed consent to illiterate parents.
Sample
The sample size comprised 256 individuals from 6 to 16 years of age (117 female, 139 male) grouped as follows: group-1 aged 6-8, n = 61 (29 boys and 32 girls); group-2 aged 9-11, n = 79 (42 boys and 37 girls); and group-3 aged 12-16, n = 116 (68 boys and 48 girls). All subjects attended schools for primary education in Calanga and were randomly selected by computer from the participants in the ongoing Human Biologic Variability project from this region.
Calanga is a rural area on the eastern coast of southern Mozambique. The region is not served by electricity, water, sanitation and roads. There is no medical assistance and during the rainy season Calanga remains isolated. In 1997, the population was estimated as 9451 inhabitants of whom 3361 are between 6-20 years of age (14) . The main occupation of the inhabitants of Calanga is subsistence-level farming and raising cattle. A smaller number of the inhabitants, mainly adults, work as seasonal sugar cane cutters as well as fishermen.
Anthropometry
Measurements of height and weight were done. Height was measured with a Harpenden stadiometer (±0.1mm; Holtain, Crymych, United Kindom). Subjects were weighed naked on a Secca scale (M 01-22-07-245; Secca, Germany). Values were recorded to the nearest 100g. Height and weight were used to classify nutritional status according the World Health Organization criterion (WHO, 1995).
Physical Activity Measurement
PA was evaluated during 24 hr with the Actigraph model 7164 (The ActiGraph, LLC., Pensacola, FL, USA), former CSA. The Actigraph is a uniaxial accelerometer designed to detect vertical acceleration ranging in magnitude from 0.05 to 2.00 Gs with a frequency of 0.25-2.50 Hz. These values permit detection of human motion and will reject high frequency vibrations from other sources such as riding in a car. The filtered acceleration signal is digitized and the magnitude is summed over a user-specified time interval. At the end of each interval, the summed value or activity count is stored in memory, and the integrator is reset. Although shorter sampling interval periods are sometimes used for estimating activity in children, 1-min intervals are widely used for adolescents. To have a common interval for the entire sample as has been done in previous studies with this type of accelerometer (29) , a 1-min time sampling interval was used. The limitation is a possible underestimation of vigorous activity in the younger children.. The validity of the Actigraph has been established with indirect calorimetry (30; r = .86) and doubly labeled water (7; r = .39 to r = .58) as criterion measures. Monitors were attached to an elastic belt worn firmly over the right hip. Subjects were instructed not to remove the device, except for bathing, swimming or sleeping.
To have information about the mode and type of PA, a questionnaire was also administered. The questionnaire was developed for children and youth of Mozambique, and was validated previously (26) . Briefly, subjects were asked how many times per week they performed each activity included in a questionnaire containing a list of activities characteristic of the population. For children 9 and younger, a parent participated in the interview during which the questionnaire was completed. For practical reasons, activities were grouped by type, such as household tasks, sports, playing and walking. Each subject was assigned an activity coefficient (AC), calculated as the sum of the products of the estimated energy cost of each activity (in METs) multiplied by the number of times per week the subject performed each activity. The estimated energy cost of each activity was determined according the Compendium of Physical Activities (1) in Metabolic Equivalents (METs). For activities not included in the Compendium of Physical Activities, METs were estimated from observations in a pilot study based on heart rate recordings during the specific activities. However, for the specific aims of the current study, only the frequency of times per week reported have been considered.
Accelerometer Counts Analysis
The stored activity counts were downloaded to a computer for subsequent data reduction and analysis. With a specific computer software, the Actigraph data of each day was reduced to bouts (30-, 20-, 10-, and 5-min) of sustained moderate (3-5. [1] . To prevent use of data from any possible instrument malfunction and from the absence of use by the subjects, all the counts that were constant for more than 10 min, including zero values, were excluded from the analyses.
Bouts can be defined in many different ways. In the strictest definition of a bout, for instance, a 30-min bout of moderate PA is recorded when the software encounters 30 consecutive 1 min counts between 3 and 5.9 MET; a bout is considered over when the program encounters the first recorded count outside the limits of 3 and 5.9 MET. Instead of using the strictest definition of a bout, we allowed a brief interruption interval of 1 min in all bout lengths analyzed. This strategy is justified by the fact that, in children, PA patterns are characterized by short bursts of activity, with frequent interruptions (3, 19) . Each child wore the monitor during the waking hours of at least one day, and only waking hours of one day were analyzed. No concern with the type of day (weekend vs. weekday) was taken, because in Mozambican rural areas there are no marked routines associated with the type of days during the week.
Data for Cross-Cultural Comparison
Data from a Portuguese sample of 494 children and adolescents aged 6-18 years (265 girls and 238 boys) were used for the cross-cultural comparison (18) . These data were chosen because the procedures to collect the acceloremetry counts were identical to those in Mozambique, with the exception that in the Portuguese sample data were collected during an entire week which was not possible in the field conditions of Calanga. As in the Mozambican sample, children wore the accelerometer during the waking hours. To compare these data with data from Mozambique the seven days of the week were averaged in each variable from the Portuguese sample. This averaging was appropriate to incorporate data from both week-days and weekend-days, which vary in activity for Portuguese students.
The Portuguese subjects were recruited from public elementary and secondary schools from two towns in the north of Portugal (Bragança and Viseu). All the subjects lived in urban areas. In elementary schools there are no weekly physical education or sport programs. However, occasionally the children have organized PA activities. In secondary schools there are 3 hr a week of physical education and students could choose to participate in extracurricular school sport programs.
Statistical Analysis
In the first step of the analysis, the average of minutes spent in MPA, VPA and VVPA were calculated. The average of the total of 30-, 20-, 10-, and 5-min bouts of MPA, VPA and VVPA was also calculated. Since bouts of different duration of MPA, VPA and VVPA were not normally distributed, a nonparametric statistic was used. The Mann-Whitney U test was used to analyze the difference between boys and girls in bouts of different time duration of MPA, VPA and VVPA and in activities assessed by the questionnaire. The Jonckheere-Terpstra test was used to analyze the associations between age group and the number of bouts of different time duration of MPA, VPA and VVPA, and in activities assessed by the questionnaire. The result of a JonckheereTerpstra test is a J-statistic, which is distributed as a normal z-statistic. Therefore, all Jonckheere-Terpstra results are presented as z-statistics with their corresponding p values. This analysis was not conducted in variables with a mean of zero or near zero.
Factorial ANOVA (gender x age group) was used to test gender and age group differences in the 24-hr averages of the minutes spent in MPA, VPA and VVPA. The Scheffé test was used as a post hoc test. Before running the ANOVA, the VPA and VVPA were log-transformed because they did not show normal distributions; they had asymmetry to the right. Another factorial ANOVA model (gender x age group x sample) was used to analyze the cross-cultural differences between the samples from Mozambique and Portugal. To analyze the physical activity questionnaire the mean of the number of times per week in each activity were calculated, according to the procedure of the questionnaire (26) . The Mann-Whitney U test was used to test the difference between Mozambican boys and girls in the number of times per week in each activity. Statistical significance was set at p £ .05. Table 1 provides the somatic characteristics of the Mozambican and Portuguese youngsters by gender and age. Mozambican subjects were shorter and lighter than their Portuguese peers in each age category. Similarly, there were differences in nutritional status between countries. Of the Mozambican subjects, 29% were stunted and 19% were wasted, while none of the Portuguese subjects were either Table 2) . Table 3 displays the nontransformed means and standard deviations for the minutes of daily MPA, VPA and VVPA by age group and gender. There were found differences in VPA [F (1, 254) = 5.17, p < .024], boys had more number of minutes of VPA than girls. No significant interaction was found between gender and age groups in all physical activity levels.
Results
The older age groups of Mozambican subjects demonstrated significantly fewer minutes in MPA, VPA and VVPA than the younger. In MPA [F (2, 255) = 21.52, p < .0001] post hoc analysis showed significant differences between age group 3 and age group 1, and between age group 3 and age group 2. In boys the difference between age group 3 and age group 1 was 28%, while in girls the difference was 35%. In VPA [F (2, 253) = 10.62, p < .0001] post hoc analysis indicated only significant differences between age group 3 and age group 1. In boys the difference between age group 3 and age group 1 was 31% and in girls was 46%. In VVPA [F (2, 253) = 3.97, p = .020] post hoc analysis revealed significant differences between age group 3 and age group 1, and between age group 3 and age group 2. The differences between age group 3 and age group 1 were 41% and 52.2% for boys and girls respectively.
The number of bouts of 30-, 20-, and 10-min in MPA were all very low for both genders. Older boys and girls had fewer numbers of bouts than younger children. Significant differences between age groups were found in both boys and girls at 20-min (boys: J=-1.94, p = .05; girls: J=-2.02, p = .04)), 10-min (boys: J=-3.94, p < .001; girls: J=-3.43, p = .001) and 5-min bouts (boys: J=-2.72, p = .006; girls: J=-3.25, p = .001; Table 3 ).
For all gender and age groups, the average 30-, 20-, and 10-min bouts in VPA and VVPA were zero or close to zero (data not shown). Due to the number of subjects with zero value, no statistical tests were calculated to analyze differences in bouts. Exception was made for 5 min bouts where no differences were found among the age and gender groups. Table 4 shows the means and standard deviations of the number of times per week Mozambican subjects reported to be engaged in each of the activity categories. The "Households" category activities seemed to have higher mean values in all age groups in both genders than the other activity categories. In general, frequency per week reported for this group increases significantly with age in both genders, with some exceptions. Girls seem to do more "Households" activities than boys. Significant differences between genders were found in "Pound" in age f) jumping in different ways using a long elastic. Table 4 continued group 1 (U = 330.0; p = .034), in "Cut the wood" (U = 584.0; p = .05) and "Wash the dishes" (U = 394.0; p < .001) in age group 2, and in "Cut the wood" (U = 987.0; p < .001), "Pound" (U = 1099.5; p < .001), "Cook" (U = 957.0; p < .001) and "Carry water" (U = 1132.0; p = .017) in age group 3. These results indicated that with increasing age girls have more "Households" activities and boys less. Data reported for "Games" indicate that girls increased the frequency with age in several types of games, while for boys there was not a linear increase. On the other hand, around 60% of the comparisons between gender age groups showed significant differences. Boys tend to report significantly higher frequency of playing "Zoto" (U = 1290.0p p = .05), "Bolar" (U = 1305.5, p = .38), and "Marbles" (U = 566.5, p < .001) while girls reported significantly higher frequency of playing "Matacuzana" (U = 554, p < .001), "Skipping" (U = 433.5, p < .001), "35" (U = 906.5, p < .001), and "Elastic" (798.5, p < .001). These data document differences in type of games practiced by genders.
In "Sports" activity categories, both genders of Mozambican children reported none or very low "Sports" activities except for soccer and physical education (PE) classes. Boys reported significantly higher frequency in "Soccer" than girls in all age groups (age group 1: U = 165.0, p < .001; age group 2: U = 136.0, p < .001; age group 3: U = 291.0, p < .001). The frequency of playing "Soccer" increased significantly with age in both genders. "PE classes" increased significantly with age only in boys. The other sports have a very low or zero frequency of practice per week.
One of the most frequent activities is "Walking", and girls shown a significant increase with age. There were no significant gender differences.
Comparing PA Levels With a Sample From a Western Country (Portugal)
A comparison for total counts recorded by the accelerometers between Mozambican and Portuguese boys and girls by gender and age group are displayed in Figure 1 . A significant main effect for age [F(2, 735) = 3.15, p = .043] country [F(1, 735) = 168.47, p < .001] and gender [F(1, 755) = 14.30, p < .001] was found. No significant interaction for gender x country was observed, thus boys in both countries had more total activity counts than girls. There was a significant interaction for age group x country [F(2, 755) = 15.28, p < .001]. In the Portuguese sample, there was a slight decrease of total counts with age (12%); while in the Mozambican sample there was a 21% increase. In both gender and age groups, boys and girls from Mozambique had more counts than their Portuguese peers.
Graphic comparison, in MPA, VPA, and VVPA, between Mozambican and Portuguese sample by gender and age group are shown in Figure 2 . There was significant main effect of age group [F(2, 755) = 99.71, p < .001] and country [F(1, 755) = 356.66, p < .001] but no main effects of gender for MPA. ANOVA results indicate no significant interactions for age group x country and gender x country. In both countries a decrease with age occurred, the magnitude of the decrease was 49% for Portuguese boys and 28% for Mozambican boys, 58% for Portuguese girls and 35% for Mozambican girls.
For VPA, there was a significant main effect of gender [F(1, 755) = 34.37, p < .001], age group [F(2, 755) = 39.09, p < .001], and country [F(1, 755) = 19.34, p < .001]. No significant interactions were observed for age group x country and gender x country. In both countries girls of all age groups had less minutes of VPA than boys. Also in both countries, there was a decline with age of time spent in VPA (31 and 46% respectively for boys and girls from Mozambique, and 57 and 64% respectively for boys and girls from Portugal). The boys and girls of all age groups from Mozambique spent more time in VPA than Portuguese boys and girls of all age groups.
In VVPA, a significant main effect was found for age group [F(2, 635) = 29.27, p < .001] and country [F(1, 635) = 22.72, p < .001]. ANOVA results indicated no significant interaction for gender x country. There was a significant interaction for age group x country [F(2, 635) = 16.45, p < .001]. In both samples there was a decrease with age of time spent in VVPA, 42.9% and 82.8% respectively for Mozambique and Portugal. With the exception of age group 3, the children of Portugal of both genders spent more time in VVPA than those from Mozambique.
Discussion
The aims of this study were to describe and interpret PA habits in a rural African school-aged population, to evaluate the PA patterns by gender and age and to compare PA levels of the Mozambicans with those from children and adolescents from Portugal. To our knowledge, these are the first data documenting activity patterns and reporting objectively measured activity levels for children and adolescents in rural Mozambique. These data are important as a baseline for monitoring changes during the economic transition just beginning in Mozambique. Because total PA levels are higher than those of the Portuguese sample, these data provide a threshold for evaluating any public health measures designed to maintain PA levels as Mozambique becomes increasingly urbanized.
Most of the studies in the literature dealing with changes of PA intensity levels with age have shown that a decline of PA levels is observed in both genders (15, 27, 28, 31) . In both Mozambican and Portuguese samples the decline occurred with age in PA at MPA, VPA and VVPA intensities. However, higher total PA counts were observed in both Mozambican boys and girls compared with Portuguese counterparts and these counts in the Mozambican sample did not decline with age, but actually increased in the oldest age category by 21%. This greater total PA is likely due to light activities associated with activities such as walking and several household chores, activities in which African youngsters are engaged during longer periods on a daily basis (4, 26) and with increasing frequency as the children grow older (Table 4) .
Both total activity and VPA were found to be significantly greater in Mozambican boys than girls. Gender differences in PA are well documented and most studies show that boys are more active than girls (11, 16, 29) . In the Portuguese sample, used for cross-cultural comparison, boys had significantly more minutes of VPA and VVPA than girls but not MPA. Trost et al. (29) found the same pattern of gender differences in American children and adolescents, with slight differences in MPA and significant differences in VPA. Boys had also more bouts of MPA, VPA and VVPA than girls for the PA categories in which significant differences were found, especially in the longest bouts and older age groups. On the other hand, in a previous study of urban children in Mozambique, girls were found to be more active than boys (25) . In the current study of rural Mozambican children, a higher amount of activity in girls was not observed even though girls spent more time in household activities than boys. The higher household activity in girls may have been matched by the greater involvement in soccer and physical education classes by the boys in this rural sample resulting in the higher total PA of the boys. It must be also taken into account that some of the chores associated to girls, were not validated to be recorded by the accelerometer.
The quantification of the number of sustained bouts of activity provides information regarding the compliance with existing PA guidelines which call for sustained bouts of physical activity, given the importance of sustained PA to the development of physical fitness, especially cardiovascular fitness. We found that, in rural children from Mozambique, the continuous periods of PA are of short length. No bouts of VVPA of any duration were observed, and bouts of 30-, 20-and 10-min of VPA were also nonexistent. Continuous bouts were found only in MPA, but the quantities were quite low for 30-and 20-min bouts. These results are quite different from those obtained in other populations. For instance, in the study of Trost et al. (29) , the number of 20-min bouts of MPA per week were 7.9 and 5.1 for boys and girls respectively, and periods of continuous activity for 20, 10 and 5 min of VVPA were also recorded. In addition, in the Portuguese sample incorporated in the current study, bouts of continuous moderate and vigorous PA intensities were observed with higher frequencies than the Mozambican sample (data not shown). Cultural factors associated with socioeconomic characteristics, that include environmental factors, may be related to this observation. For example, all the Calanga students walk to and from the school while the majority of the Portuguese used private and public transportation. Portuguese children watch TV, which is nonexistent in Calanga. On the other hand, Portuguese children participate in sports activities, which are the activities most often associated with the more intense activities recorded by the accelerometer. For the Calanga schoolaged population no sports facilities exist in the area, and consequently, most activities are of lower intensity. Moreover, physical education classes are very rare in Mozambican rural areas. Thus, while Mozambican rural children and adolescents perform physical activities with longer duration but lower intensities, Portuguese youths stay sedentary for longer periods while they practice more sports, having opportunities for relatively more energy-demanding activities.
One limitation of the current study is that, in addition to the well-known validity problems of the accelerometers, several tasks performed by the rural Mozambicans are not common in developed countries where the validation studies have been done. For instance, activities such has pounding and manual agriculture, which involve vigorous arm movements and have a high energy demand may not be captured by the accelerometer. To our knowledge, no study has been done so far regarding the validity of those instruments for these types of activities. If, as we can hypothesize, the movement sensor does not record these movements properly, the periods of moderate and vigorous activities for the Mozambicans were underestimated, as well as the total energy expenditure and movement counts. Moreover, knowledge about metabolism of this sample is very limited.
Another limitation may be attributed to the fact that only one day was recorded. Using more than one day in the field conditions of that area was not possible for several cultural and practical reasons. However, observation during the field study provided a subjective conclusion that the day by day variability in activity habits of this population was very small and likely reduced this error substantially. Moreover, objective comparison among Mozambicans, grouping the present sample by the week day that they were observed, have shown no difference in total counts as well as counts by each activity level (data not shown).
Another limitation was related to the selection of the day for the Portuguese sample. Since 7 days of data were available from the Portuguese sample, averaging the days was considered more appropriate to minimize the day by day variation inherent in a culture where weekend days are likely to be different in PA from week days.
To minimize the limitations of self reports in children, the questionnaire was filled by a trained interviewer and, for the younger children, with the participation of the parents. Although limitations of questionnaires are largely known, the use of a questionnaire validated for use in Mozambique allowed characterization of the type of activities contributing to PA in the Mozambican sample.
In conclusion, the total PA of children and adolescents from rural Mozambique was higher and of lower intensity compared with a Portuguese sample. Levels of PA differ by gender in the Mozambican sample in total and VPA. Although the intensity of activity decreased with age in both countries, the reduction seems more accentuated in the urban western peers, perhaps because of their overall participation in more minutes of very intense activity in the younger ages. Activity patterns in rural Africa appear to be linked to survival activities; such has household activities and walking, which may lead to more total PA than in developed countries, although at lower intensity. This hypothesis requires further research. Particularly the health implications of higher levels of low intensity activity may be an important topic.
